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Abstract 

In the muon storage rings the muons are subject to a very large radial acceleration. The equivalence 
principle implies a large gravity force. It has no effect on the muon lifetime. 
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1 Introduction 


Does gravity affect the scale of time? Two recent observations suggest that it does not: contradicting the 
established doctrine. 

An electron accelerated in a linac moves only a little faster, but its mass increases and therefore its energy. 
Similarly a photon falling in a gravitational field picks up energy, its mass increases, its frequency rises 
and it becomes bluer. Energy is conserved. 

With his equivalence principle Einstein |[T] proposed that gravity and acceleration were indistinguishable. 
He then considered light propagating vertically in an accelerating lift. Eor an observer outside the lift the 
Doppler shifts at source and receiver are different so there is a change of frequency between the top and 
bottom of the lift. An observer inside the lift is not aware of the motion or the acceleration, but thinks 
that he is in a gravitational field. Attributing the change in frequency to gravity, there are two possible 
effects. 

(a) Conservation of energy requires a falling photon to pick up energy as it drops; leading to an increase 
in its mass hv/c^ and one easily derives the change in frequency v 

Av/v = gxlc^ = A(|)/c^ (1) 

for a change in height x with gravitational acceleration g, corresponding to a change A(j) in gravitational 
portential The alternative explanation favoured by Einstein is 

(b) the frequency of the falling photon is unchanged but the scale of time is altered by gravity. Adopting 
this view, Einstein derived the same formula (1). Because of his prestige this has become the established 
doctrine. Gravity changes the scale of time but has no effect on the frequency of rising or falling photons. 

It is generally believed that this was confirmed by the observations of Rebka and Pound, followed by 
Pound and Snider l!2l. But Pound himself thought that he was measuring ’’the effect of gravity on gamma 
radiation” with no implications for the scale of time. 

Since then many observations have claimed to confirm the effect of gravity on time. But all ignore the 
influence of gravity on the photons (messenger photons) that in most cases carry the information about 
frequency from one height level to another. Eor example, in their experiment ’’Gravity Probe A” |[Tl, 
NASA shot a hydrogen maser on a vertical ballistic trajectory and recorded the frequency of the signal 
received at ground level. No correction was applied for the change of photon frequency as it travelled 


from the varying height of the rocket to the receiver on the ground. Instead it was assumed that the maser 
frequency changed with height because the scale of time was altered by gravity. 


2 Muon storage ring 


In the muon storage rings at CERN [4] and Brookhaven |f5]| muons of 3.1 GeV are trapped in a ring 
magnet 14 m diameter for hundreds of microseconds. According to special relativity the muon lifetime, 
normally 2.198 ^is, is dilated to 64.435 by the relativistic factor y = 29321. This was verified with a 
precision of 0.1 %. The lifetime of muons turning in the ring is equal to the lifetime of the same muons 
travelling in a straight line. The transverse acceleration of the muons in orbit apparently has no effect 
whatsoever on the rate of muon decay! 

According to the principle of equivalence the transverse acceleration should produce an effect on time 
due to the effective gravitational potential at the muon orbit. The radial acceleration of the muon at orbit 
radius r and angular frequency CO is rco^. To calculate the effective gravitational potential V at the orbit 
assume that this gravity field, proportional fo r exfends fo fhe cenfre of fhe ring and infegrafe along a 
radius. This gives 

A(j) = co^y rr/r = (l/2)roCO^ (2) 

where ro is fhe radius of fhe storage ring. So according fo (1) we expecf a slowing down of fhe muon 
clock frequency / by 

6/// = rW/2c^ (3) 

The muon velocify is very close fo c, so co = c/ro which gives 

5///= 0.5 (4) 

This implies fhaf fhe muon lifefime, already dilafed by special relafivify from 2.2 fo 64 ^is should be 
lengfhened by a furfher factor of 2. 

This esfimafe uses fhe fransverse acceleration of fhe muon in fhe lab frame. If could be more relevanf fo 
use fhe fransverse acceleration felf by fhe muon in ifs resf frame. The accelerafion is given by fhe change 
in radial momenfum of fhe particle divided by time. Making a longifudinal Lorenfz fransformafion fo fhe 
muon frame fhe fransverse momenfum is unchanged, buf fhe fime is reduced by y = 29. Therefore in fhe 
muon resf frame ifs accelerafion is 29 fimes larger and fhis would lengfhen fhe observed lifefime by a 
furfher facfor of 29. 

Nofhing like fhis is observed. So we conclude eifher fhaf Einsfein’s principle of equivalence plays no 
role in fhe muon storage ring; or fhaf gravify has no effecf on fhe scale of fime. 

In fhis experimenf fhe time in fhe muon resf frame defermines how many muons survive; if is observed 
direcfly. No photons are involved. The lime is fhe fime of fhe weak inleracfion. 


3 Lithium ions stored in a magnetic ring 


The fesl in fhe Experimenfal Slorage Ring af Darmsfadl |16l was al lower y buf fime was measured much 
more accurafely. Mefasfable lifhium L/+ ions were slored wilh p = 0.336 . Easers were used fo measure 
fhe frequencies of opfical Iransilions and fhe time dilafion factor y= 1.06263 was verified wilh a precision 
of 0.0023 parls per million. In fhis case eqn (3) gives 

5/// = PV2 = 0.056 


(5) 


If equivalence is valid and gravity changes time, the transverse acceleration in the ring should change 
the optical frequencies by 5.6%. No such change was observed. Here the time concerned is the time of 
quantum electrodynamics. 


4 Summary 


Notional gravity due to the radial acceleration in storage rings does not affect time. Experiments pur¬ 
porting to establish the effect of gravity on time may need to be reviewed, and could include the effect 
of gravity on the messenger photons used to communicate frequency from one height to another. 
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